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The  extensive  application  of  the  hemagglutination  inhlblbition  reaction 
(RTGA)  for  the  purpose  of  investigating  the  immunological  condition  of  the  pop¬ 
ulation  and  animals  in  foci  of  disease  requires  the  development  of  a  common 
standard  method  in  order  that  the  different  investigators  obtain  comparable 
results. 

Up  until  the  present  time  there  is  no  common  arrangement  for  setting  up 
the  RTGA:  There  are  variations  in  temperature  conditions,  the  concentration  of 
erythrocytes,  the  contact  time  between  the  antigen  and  the  serum  and  other  fac¬ 
tors  which  directly  influence  the  results  of  the  reaction  [1,2]. 

In  the  present  work  we  have  undertaken  the  mission  to  study  the  influence 
of  various  factors  on  the  results  of  the  hemagglutination  reaction  (RGA)  and 
the  RTGA  and  to  establish  the  optimum  conditions  for  setting  up  these  reactions 
The  tests  were  conducted  with  the  noninfectious  antigen  of  the  tick-borne 
encephalitis  virus,  prepared  by  a  method  which  we  had  proposed  earlier  [T  and 
which  is  widely  used  at  the  present  time  in  the  USSR.  The  necessity  of  such  a 
type  of  investigations  is  also  connected  with  the  fact  that  in  earlier  pub¬ 
lished  works  infectious  antigens  were  used  which  were  prepared  by  various 
methods . 

Methods  and  Materials 

The  basl«  of  the  method  for  setting  up  the  RGA  and  the  RTGA  was  the 
arrangement  proposed  by  Porterfield  [?]  and  used  by  many  investigators. 

The  dilutions  of  antigen  and  sera  were  prepared  in  borate  buffer  solution 
with  pH  of  9.0.  The  reaction  was  set  up  in  a  volume  of  0.8  ml  (0.4  ml  of  anti¬ 
gen  and  0.4  ml  of  erythrocytes  in  the  RGA  and  0.2  ml  of  serum,  0.2  ml  of  anti¬ 
gen  and  0.4  ml  of  erythrocytes  in  the  RTGA).  All  the  solutions  were  prelimi¬ 
narily  cooled.  In  the  event  of  the  formation  of  a  layer  of  erythrocytes  uni¬ 
formly  covering  the  bottom  of  the  test  tube  in  the  form  of  an  umbrella,  the 
reactions  were  considered  positive,  and  with  the  settling  of  the  erythrocytes 
in  the  form  of  a  disk  —  negative.  As  the  titer  of  the  antigen  we  used  the 


1. 


last  dilution  In  which  it  was  possible  to  note  the  typical  agglutination  of 
erythrocytes. 

We  considered  it  necessary  to  study  the  feasibility  of  using  in  the  RGA 
and  the  RTGA  the  erythrocytes  of  man  and  various  species  of  animals:  Calves, 
sheep,  monkeys,  rabbits,  guinea  pigs,  hamsters,  white  mice,  roosters  and 
geese.  To  avoid  coagulation  the  blood  was  mixed  with  Alsever's  solution  (1 
volume  of  solution  for  4  volumes  of  blood)  and  washed  three  times  with  a  buf¬ 
fered  physiological  solution.  The  washed  erythrocytes  were  stored  at  4°. 

We  studied  the  influence  of  the  concentration  of  erythrocytes,  the 
amounts  of  the  working  dose  used  in  the  test,  temperature  conditions  and  the 
duration  of  contact  between  the  antigen  and  serum  on  the  results  of  the  RTGA 
and  the  RGA. 

Results 

The  results  of  the  RGA  with  the  erythrocytes  of  man,  sheep,  geese  and 
roosters  at  various  pH  values  of  the  buffer  solutions  are  presented  in  table 
1.  High  hemagglutination  titers  were  obtained  with  the  erythrocytes  of  geese 
(1:1280),  roosters  (1:640)  and  sheep  (1:320). 

The  tests  showed  that  the  phenomenon  of  hemagglutination  with  the  eryth¬ 
rocytes  of  man  and  geese  is  not  produced  constantly.  In  comparison  with  other 
erythrocytes,  the  erythrocytes  of  geese  are  agglutinated  in  a  wider  pH  range. 
The  erythrocytes  of  other  animals  either  did  not  produce  the  phenomenon  of 
hemagglutination  with  the  antigen  of  the  tick-borne  encephalitis  virus,  or 
else  spontaneous  hemagglutination  was  observed.  The  erythrocytes  of  geese  and 
sheep  are  the  most  suitable  for  utilization  in  the  reaction,  since  they  product 
the  high  and  regularly  reproducible  results  over  a  period  of  10  -  14  days  from 
the  time  they  are  obtained. 

In  the  following  tests  only  the  goose  erythrocytes  were  used. 

The  resuits  of  a  comparative  study  of  the  RGA  and  the  RTGA,  obtained  with 
various  concentrations  of  goose  erythrocytes  at  a  constant  dose  of  antigen, 
are  presented  in  table  2.  It  can  be  seen  from  the  table  that  a  concentration 
of  0.1%  of  erythrocytes  produces  results  which  are  difficult  to  consider.  An 
increase  of  the  concentration  by  7  times  (from  0.2  to  1.4%)  is  accompanied  by 
a  lowering  of  the  titer  of  the  antigen  by  8  -  16  times.  A  change  in  the  con¬ 
centration  of  erythrocytes  influences  the  results  of  the  RTGA  to  a  lesser 
degree 

The  time  during  which  the  agglutination  cf  erythrocytes  takes  place  is 
found  to  he  directly  dependent  on  the  concentration  of  the  latter.  The  higher 
concentrations  (0.5  -  1.4%)  make  it  possible  to  obtain  clearer  and  more  rapidl; 
calculable  results,  which  remain  unchanged  for  several  hours.  A  concentration 
of  0.2%  may  be  successfully  used  in  conjunction  with  the  minimum  amounts  of 
antigen. 


For  determining  the  optimum  concentration  of  erythrocytes  which  should 
be  used  in  the  RTGA,  we  conducted  tests  with  various  concentrations.  In  all 
the  tests  we  used  8  working  doses  of  antigen  which  were  calculated  according 
to  the  results  of  the  RGA  for  each  individual  concentration  of  erythrocytes. 

As  is  seen  from  table  3,  the  same  serum-  titers  were  obtained  under  these 
conditions  regardless  of  the  concentration  of  erythrocytes.  Consequently  it 
is  possible  to  use  various  concentrations  of  erythrocytes,  however  it  is 
necessary  to  use  the  same  concentration  of  them  for  determining  the  working 
dose  of  antigen  and  the  titer  of  the  serum. 
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One  of  the  Important  steps  in  setting  up  the  RTGA  is  the  correct  selec¬ 
tion  of  the  dose  of  antigen.  As  is  seen  from  table  4,  an  increase  in  the  num¬ 
ber  of  working  doses  from  8  to  32  leads  to  a  lowering  of  the  serum  titer  by 
2-4  times. 

The  data  presented  in  table  5  shows  that  the  optimum  temperature  for  the 
agglutination  of  erythrocytes,  is  a  temperature  of  4°.  Under  these  conditions 
the  highest  titers  of  antigen  are  obtained.  An  increase  of  temperature  from 
4  to  37°  is  accompanied  by  a  lowering  of  the  titer  of  the  antigen  by  4  -  8 
times  and  an  increase  in  the  titer  of  the  sera  by  2  -  4  times. 

A  significant  influence  on  the  results  of  the  RTGA  is  exerted  by  the 
duration  of  contact  of  the  antigen  with  the  serum,  and  also  the  temperature 
conditions  during  the  time  of  contact.  The  formation  of  the  neutral  complex 
of  antigen--antibody  takes  place  both  at  4°  and  at  37°  (table  6).  The  maxi¬ 
mum  periods,  guaranteeing  the  maximum  fullness  of  binding  the  antigen  with 
the  antibody,  are  5  hours  at  37°  and  24  hours  at  4°.  A  further  increase  of 
the  periods  of  contact  leads  to  a  disruption  of  the  hemagglutinating  proper¬ 
ties  of  the  antigen. 

In  parallel  tests  with  immune  rabbit  serum  we  made  a  comparison  of  results 
obtained  with  the  infectious  and  inactivated  antigen  of  the  tick-borne  encepha¬ 
litis  virus.  The  necessity  of  such  a  type  cf  investigations  is  connected  with 
the  fact  that  during  the  inactivation  of  '.  e  antigen  chemical  substances  are 
introduced  into  it  which  may  influence  th.j  phenomenon  of  hemagglutination. 

However  the  results  of  the  test  showed  that  based  on  its  hemagglutinating 
properties  the  inactivated  antigen  is  identical  to  the  infectious  one. 

In  connection  with  what  has  been  presented  above  we  consider  it  necessary 
to  adhere  to  a  specific  standard  method  of  setting  up  the  RGA  and  the  RTGA  in 
order  to  make  it  possible  to  obtain  comparable  results  in  various  laboratories. 

1.  In  the  RTGA  only  8  working  doses  of  antigen  should  be  used. 

2.  The  duration  of  contact  of  the  antigen  with  the  serum  at  37°  should 
be  5  hours,  and  at  4°  -  24  hours. 


3.  Both  goose  and  sheep  erythrocytes  can  be  used  in  the  reactions.  There 
concentration  should  be  the  same  in  the  RGA  and  the  RTGA  and  comprises  0.5  - 
1.4%. 

4.  The  settling  of  erythrocytes  in  the  RGA  should  be  done  or  carried  out 
at  4°,  since  an  increase  of  temperature  in  this  case  will  lead  to  a  very  high 
number  of  working  doses  in  the  RTGA. 
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Agglutination  of  various  types  of  erythrocytes  in  the  presence  of 
noninfectious  antigen  at  various  pH  values. 
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Table  2 

Influence  of  the  concentration  of  goose  erythrocytes  on  the  results  of 
the  RGA  and  the  RIGA* 
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Table  3 


Dependency  of  the  results  of  the  RIGA  on  the  concentration  of 
goose  erythrocytes. 
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Tabic  b 


Influence  of  temperature  on  the  results  of  the  RGA  and  the  KTGA. 
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Table  6 


Influence  of  the  duration  of  contact  of  the  antigen  with  the  serum  and 
the  temperature  conditions  at  the  moment  of  contact  on  the  results  of 
the  RIGA. 


